Summary. Bulls 
Introduction
The Robertsonian translocation has been a frequently described chromosome anomaly in ruminants (Bruère, 1974) . The most common is the /29' translocation first reported for the Swedish Red and White breed by Gustavsson & Rockborn (1964) . A very similar translocation has since been found in most cattle-rearing countries, although it is at present impossible to state if the affected cattle are all related by descent (Gustavsson, 1974) . Despite this apparently widespread distribution, only Gustavsson (1969) and Refsdal (1976) have presented statistical evidence from breeding data that in the heterozygous state the 1 /29 translocation causes a reduction of reproductive efficiency. Gustavsson (1969) considered that this was due to the failure of the translocation chromosome to disjoin from one of its two acrocentric partners during parental meiosis (non-disjunction). He postulated that these unbalanced gametes formed unbalanced embryos which subsequently died during early development in utero. Gustavsson (1969) studied secondary spermatocytes at M II for evidence of increased non-disjunction in heterozygous bulls but the 151 (from hétérozygotes) and 38 (from normal bulls) cells at M II were insufficient to demonstrate any significant difference from the control rate.
In 1971 Harvey found a presumptive 1/29 translocation in a Charoláis bull and the present report is of our subsequent investigations.
Materials and Methods
Blood samples for chromosome studies were obtained from 90 offspring of the heterozygous bull reported by Harvey (1971) and cultured (Basrur & Gilman, 1964) . Six of the offspring, each with different dams (3 heterozygous males, 2 normal males and 1 normal female) were purchased for more extensive study. Confirmation of their chromosome complements was sought by culturing fibroblasts (Basrur, Basrur & Gilman, 1963) .
The chromosomes of 10 translocation-bearing cells stained with 2% aceto-orcein were measured and an idiogram was constructed. Subsequently, more precise chromosome identification was attempted by using the G-and C-band staining methods of Seabright (1971) and Sumner (1972) .
Semen was collected from each of the 5 bulls at least once a month, and 50-328 ejaculates/bull were examined as described by Hignett (1957) . Testicular material for spermatogenic and meiotic studies was obtained from the 5 bulls by biopsy, castration or at slaughter, while some further control material was gathered from apparently normal testes of 48 bulls slaughtered at local abattoirs. From the histological preparations, Leydig cell volume and relative tubule length were computed for each of the 5 bulls (Lennox, Ahmad & Mack, 1970; Ahmad, Dykes, Ferguson-Smith, Lennox & Mack, 1971) . Meiotic preparations of cells from all the bulls were made by a modification of the method of Ferguson-Smith (1964 
Results
All the offspring of the affected bull were phenotypically normal and chromosomally balanced : 24 of the animals had a 59XXt(l ,29) karyotype, 17 had a 59XYt(l ,29), 23 were 60XX and 26 were 60XY.
The idiogram measurements indicated that the large translocation chromosome was most prob¬ ably composed of chromosomes 1 and 29. G-banding confirmed the presence of the No. 1 chromo¬ some which was easily identified by its two prominent subdivisible dark bands one-third and twothirds down its length. Recognition of the short-arm chromosome was much more difficult because chromosomes 27 and 29 have a similar G-band pattern, but it was thought to be chromosome 29 from its consistently small size (PI. 1, Fig. 1 ). The centromeric region of the translocation chromosome in the G-and C-banded preparations (PI. 2, Fig. 3 ), showed that approximately half of the total amount of C-band heterochromatin found in the normal 1 and 29 chromosomes had been lost in the translocation metacentric.
The 5 bulls all showed normal service behaviour. Semen quality and spermatogenesis were qualitatively normal and Leydig cell volumes and relative total tubule lengths were similar (Table 1) . The translocation chromosome and its homologues could occasionally be identified at pachytene (PI. 1, Fig. 2 ), but pairing was never obviously disturbed. It was not until diplotene and diakinesis that an asymmetric trivalent could be easily identified (PI. 2, Fig. 4 (Gustavsson, 1969) . A similar conclusion has been reached for several other Robertsonian translocations in cattle (Pollock & Bowman, 1974; Logue, 1975) . Although the translocation chromosome could not be unequivocally identified as a 1/29 translocation, the measurements, similarity of the banding pattern and the presence of a trivalent at diakinesis, gave a reasonable basis for the assumption. The 1/29 translocation, unlike all the other Robertsonian translocations so far studied by banding methods (Eldridge, 1974 ; Pollock & Bowman, 1974; Logue, 1975) , has apparently lost a considerable portion of C-band heterochromatin (Popescu, 1973) . A possible mode of formation of these variations in the C-band content of Robertsonian translocations has been suggested by Ferguson-Smith (1971) . In men and in rams, occasional spermatogenic and testicular abnormalities associated with Robertsonian translocations have been described (Bruère, 1969; Bruère & Mills, 1971; Chandley et al, 1975) . However, in the 3 unselected (i.e. not A.I.) 1/29 bulls of the present study, the service behaviour, semen quality and testicular histology were unimpaired; the Leydig cell volume and relative total tubule length were within the range of 3-30 ml and 1600-3800 m, respectively, found in a slaughterhouse sample of 20 bulls (B. Lennox & D. Logue, unpublished) . These findings confirm the work of Gustavsson (1969 Gustavsson ( , 1975 , although our numbers of animals were small.
A normal total chiasma count at diakinesis was obtained in the heterozygous bulls. A below average total chiasma count has been reported for men when there was a Robertsonian translocation present (Chandley, Christie, Fletcher, Frackiewics & Jacobs, 1972) , but in their review of human male meiosis, Hultén & Lindsten (1973) (Hultén & Lindsten, 1973) . Direct genetic evidence of suppression of crossing over in the proximity of the centromere has been shown to occur in some of the Robertsonian translocations reported in mice (particularly those translocations originating from feral mice), but not in others (Cattanach & Mosely, 1973) , and so it is impossible to generalize at present.
In the study of M II cells, both the Ri and R2 non-disjunction rates of normal and heterozygous bulls differed significantly, although the R2 differences were less clear. Because of the difficulty of distinguishing the separated chromatids from two separate chromosomes, it is felt that these nondisjunction rates are probably over-estimates. Nevertheless, the difference of approximately 5 % non-disjunction between normal and heterozygous bulls in this study compares well with the 4-2-5-7% reduction in fertility noted by Gustavsson (1975) (Gustavsson, 1969 (Gustavsson, ,1971a Refsdal, 1976) . The present results and information on many other species indicate that these aneuploid cells pro¬ duced by meiotic non-disjunction form gametes and, subsequently, unbalanced embryos, which then die during early development (Ford, 1975) . However, extensive studies of Robertsonian translocation in sheep raises some doubts as to the general applicability of this hypothesis (Bruère, 1976) . No detectable deleterious effect on the fertility of carrier male or female sheep has been shown in over 1000 matings, despite the fact that raised levels of non-disjunction have been found in carrier rams (Chapman & Bruère, 1975; Bruère, 1976) . Furthermore, in a study of 102 13-18 day-old embryos, offspring of carrier rams and normal Blackface ewes, no unbalanced chromosome complements of any type were detected (Long, 1976 ). Chapman & Bruère (1975 and Long (1976) have proposed that there was a prezygotic selection of spermatozoa, but it is possible that the gametic products of nondisjunction events formed unbalanced embryos and that these died in the first 12 days of life and were amongst the relatively large proportion (25%) which Long (1976) could not karyotype. This value of 25 % is remarkably close to the expected early embryonic loss in sheep, although this can vary from 9 to 64% in Blackface ewes kept on different feeding regimens (Gunn & Doney, 1975) . This large variation in early embryonic loss could explain the observed, apparently normal, fertility of heterozygous sheep for which the theoretical anticipated reduction of fertility may be quite small.
The present results give theoretical support to the evidence that there is some reduced fertility in 1/29 heterozygous cattle (Gustavsson, 1969 (Kimura, 1976) .
Until more information is available, it seems prudent to limit the widespread use of translocation carrier bulls as A.I. sires, while maintaining the translocations on a herd basis for further study. Study of the chromosome complements of the first cleavage mitosis after in-vitro fertilization, as in the mouse (Maudlin & Fraser, 1977) , would be of great value as it would provide a cheap and efficient method for determining the possible fates of aneuploid secondary spermatocytes and oocytes.
